Core hypothermia is common in anaesthetized patients, especially those having long operations 1 . It is therefore accepted practice to monitor core temperature in patients under general anaesthesia for more than 30 minutes and to maintain core temperature greater than 36.0°C 2 . As a result, patient comfort may be improved and complications avoided 3 . Currently, the most commonly used and effective method of active warming is forced-air warming 3 . A new radiant warming device (Suntouch™, Fisher and Paykel, New Zealand) may provide an alternative for situations where limited skin surface is available for forced-air warming or where forced-air warming alone is inadequate. In addition, significant savings on disposable costs are possible.
The Suntouch™ is a skin temperature servocontrolled radiant warmer that is directed at areas with rich arteriovenous anastomoses (i.e. face, hands or feet). Wong et al 4 reported that the Suntouch was as effective as forced-air warming in female laparoscopic cholecystectomy patients. The average length of surgery in this study was one hour. However, active cutaneous warming has relatively little impact during the first hour 1 , because redistribution is the major determinant of the initial decline in core temperature 5 . We therefore conducted a randomized controlled trial of radiant warming versus forced-air warming in patients having operations lasting more than two hours.
MATERIALS AND METHODS
With research ethics committee approval and written, informed consent, 60 male and female patients aged between 18 and 80 years were recruited at The Royal Melbourne and The Alfred Hospitals. Elective or emergency non-cardiac surgical patients with duration of anaesthesia anticipated to be greater than two hours were selected. Exclusion criteria included: 1) not expected to be extubated at the end of surgery; 2) deliberate induction of core hypothermia indicated; 3) intention to use major regional blockade; 4) intention to use tourniquets in the upper limbs and 5) core temperature ≥37.5°C.
A prospective sample size calculation stipulating a clinically important difference of 0.3°C in final core temperature (the primary outcome variable) suggested that 28 patients were required in each group (α=0.05; β=0.2; standard deviation=0.4°C). Patients were randomized to either radiant warming (directed at the palm of the hand; Suntouch™, Fisher and Paykel) or forced-air warming (upper or lower body; Bair Hugger™, Augustine Medical), using random number tables. Randomization results were concealed in opaque envelopes until after consent was obtained.
No preoperative warming was allowed and intravenous fluid warming was standard for all patients. The choice of anaesthetic agents and monitoring techniques was left to the discretion of the anaesthetist. Warming was instituted immediately after induction of anaesthesia and ceased if the core temperature reached 36.5°C. All patients with a core temperature less than 36.0°C and any shivering patient received forced-air warming in the recovery room.
Demographic data were collected and included age, gender, body mass index (BMI), type of surgery, duration of surgery and duration of warming. Core temperature was measured with an infrared tympanic thermometer in conscious patients (baseline and in recovery) (Genius model 3000A, Sherwood Medical) and a distal oesophageal temperature probe (Thermistor 400 series Mon-a-therm™, Mallinckrodt) in anaesthetized patients. Ambient temperatures were also recorded. Verbal analogue scores (VAS) for thermal comfort were obtained at baseline and in recovery. Presence of shivering and the time to reach a modified Aldrete score 6 of 9 (Table 1) were recorded in the recovery room. Patients were blind to group assignment.
All continuous data were tested for normality. Normally distributed data were described by the mean±standard deviation and skewed data by the median and range. Comparisons between treatment groups were made using unpaired two-tailed t-tests or Wilcoxon rank-sum tests respectively. Categorical data were described using number (per cent) and comparisons between treatment groups were made using the Chi-squared test or Fisher's exact test, where applicable. Changes in core temperature from control over time, in each group, were compared using repeated measures analysis of variance.
All analyses were performed using Stata 6.0 (College Station, TX, U.S.A.); P<0.05 was considered statistically significant.
RESULTS
One patient with a baseline core temperature of 38.7°C was recruited in error and these data were removed from the analysis.
The radiant warming and forced-air warming groups were similar with respect to age, gender, BMI, and type and duration of surgery ( Table 2 ). The final core temperatures were 36.0°C and 36.4°C (P=0.002) for the radiant warming and forced-air warming groups respectively (Table 3) . Core temperature decreased by approximately 0.8°C in the first 30 minutes for both groups. Subsequently, core temperature increased towards normal in the forced-air warming group, but remained relatively stable in the radiant warming group (Figure 1 ). These changes in temperature over time were statistically significant in both groups (P=0.0001). The repeated measures analysis also confirmed that there was a significant difference in temperature change between the two groups (P=0.01).
Eleven patients (37%) in the radiant warming group and eight patients (26%) in the forced-air warming group had a core temperature <36°C at the end of surgery (P=0.46). These patients took 35 (5-147) min to rewarm to a core temperature >36°C and there was no difference in the duration of rewarming between the two groups (P=0.87).
Only three patients shivered postoperatively (two in the radiant warming group and one in the forcedair warming group; P=0.57). The final core tempera- 
DISCUSSION
In our study of patients undergoing surgery lasting more than two hours, the final core temperature was significantly higher in the forced-air warming group than the radiant warming group. Although postoperative shivering rates, thermal comfort scores and recovery times were not significantly different between the two groups, we suggest that forced-air warming nevertheless remains the standard of care for routine intraoperative warming.
Our data contrast with those of Wong and coworkers 4 who reported no significant difference in final core temperatures between the radiant warming and forced-air warming groups in surgery lasting about one hour. There are several potential reasons for this difference. First, the first hour under general anaesthesia is characterized by thermal redistribution 5 and is relatively insensitive to external warming 1 . In our study, there was no significant difference in core temperature after one hour. Second, the radiant warming group in Wong's study had a significantly higher BMI than the forced-air warming group. Obese patients undergo less thermal redistribution and heat loss during anaesthesia, and thus experience less core hypothermia 7 . Third, the hand as a focus area for warming may not be as effective as the face. Neither study directly compares the hand with the face as a focus area. Finally, the study by Wong and co-workers 4 involved only 46 patients, so lack of a positive finding in their study may reflect a type II error.
In designing the Suntouch™ radiant warmer, it was postulated that the arteriovenous anastomoses in the hand would have a sufficiently high blood flow to allow heat to distribute systemically 8, 9 . We considered the use of a control group without active warming unethical and so we cannot confirm that the Suntouch™ succeeded in transferring heat to the core. We also cannot confirm that either treatment modified the fall in core temperature immediately after induction of anaesthesia. Historical comparisons suggest that the Suntouch™ may prevent the development of further hypothermia after redistribution has occurred 10 . In conclusion, the Suntouch™ is not as effective as forced-air warming in maintaining core temperature during long surgical operations. The role of the Suntouch™ as an adjunct to forced-air warming or as a primary warming device when forced-air warming cannot be used (e.g. extensive surgery, extensive burns or in the emergency room) warrants further investigation.
